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CONTRIBUTIONS AND BIBLIOGRAPHY. 

AEROLOGICAL INVESTIGATIONS OF THE WEATHER BUREAU DURING THE WAR. 

By WILLIS RAY GREW, Meteorologist. 

AEROLOQICAL INVESTIGATIONS PRIOR TO THE WAR. . -  INTRODUCTION. 

Washington’s advice, “ I n  
war,” has never received the 
rience and prophetic vision have 
however, peace-the pursuits can often be adapted to 
war-time necessities, and we see overnight, as it were, 
the conversion of science and industry-whose only pur- 
pose shmld be to contribute to the welfare of hunianity- 
into vast laboratories and factories, whose one pur ose is 

ingenuity, skill, and industry can acconiplish: Thus, a 
nation’s merchant marine becomes a fleet of transports; 
ita steel plants a network of munition factories; and its 
colleges and universities a series of military camps. 
Again, its chemists and physicists devote their attehtion 
entirely to devising the iiiost destructive agents possible, 
and its engineers to the construction of camps, pontoons, 
etc., and to the transportation and placeinent of huge 

to inflict as much destruction upon the eneni as P iuman 

- 
engines of war. 

In  line with all other activities, the Weather Bureau 
was suddenly called upon a t  the biginning of the war to 

I curtail as far 8s possible its usual pro rani of furnishin 
advice and warnings to those engages only.in peacefu 
pursuits and to adapt itself to war-tiine conditions. Hap- 
pily, many of the investigations that had been con- 
ducted by the Weather Bureau enabled i t  to furnish 
exactly thekind of informationmost ne’eded by tliemilitary 
and naval services. Again, its trained ersonnd, though 
inadequate in numbers to take care of a R the meteorologi.. 
cal observations and investigations required at the front 
and in this country, nevertheless formed the nucleus 
around which a large organization was developed for that 
urpose. Thus, some of these men went directly to 

France and organized an extensive nieteorolo ical serv- 
ice there; others remained in this country an % devoted 
their time and energy to establishing observing stations 
at military and naval camps; to the training of promis- 
ing young men for assignment to duty as observers; and 
to the furnishing of data, information, and advice, when- 
ever called for, as soon as ossible and as accurately as 

Several papers gave ap eared (see particu- 
f$!?oNmrx WEATEES REVIEW, 5 ecember, 19 18) out- 
linin the scope of these endeavors. The pur ose of this 
sketc a is to indicate briefly a few additional P ines along 
which the Weather Bureau endeavored to “do its bit” 
toward the winning of the war. 

Prior to the war between the United States and Ger- 
many aerological investigations had been conducted by 
the United States Weather Bureau principally as follows: 

(a) ,4t a large number of well distributed stations dur- 
ing the period April to Noveniber, 1898; 

(a) At Mount Weather, Va., and auxiliary stations 
froiii 1907 to 1914, inclusive; and 

(c) At Drexel, near Omaha, Nebr., from 1915 to March, 
1917, inclusire. 

Cumpaiyn of 1898.-The work in 189s consisted oE 
“hand ” kite flights tro comparatively low altitudes. The 
data were ublivhecl in detail and discussed by Prof. H. C. 
Frankenfieycl in Weather Bureau Bulletin F. One of the 
chief results of this canipaign WHS the standardization of 
kites, ineteorographs, and other zt paratus t h r o u 4  a long 
series of ex erinients by Prof. C. i. Marvin and k r .  S. A. 

connection with the suitability of sites for stations with 
respect to proximity to centers of population, power lines, 
freedoni from forested tracts, etc. 

1Vt~at7m mu1 a76.cihiy stcttions. - A longer- 
continued and inore systematic series of observatioiis 
\vas conducted nt Mount Weather, Va., by iiieans of 
kites and citptive balloons. In  ndclition, there were made 
durin this period several short series of observations with 
soun I f  ing balloons a t  different points in the central and 
western States, viz., a t  Indiana olis, Ind., and Fort 

Omaha, Nebr., in May, 1910; a t  Huron, S. Dak., in Au- 
’ gust and Se tember, 1910; nt Fort Omaha, Nebr., in Feb- 

ruary and Larch, 1911; a t  Avalon, Calif., in July and 
August, 1913, in connection with captive balloon ascen- 
sions at Lone Pine and Mount Whitnoy, Calif.: and at 
Fort Oiiiaha, Nebr., in July and August, lgl4.  The data 
obtained a t  Mount Weather and its auxiliary stations 
were published in the bulletin of the Mount Weather 
Observatory and in the MONTHLY WEATHER REVIEW; 
tooether with several papers by Dr. William R. Blair and 
otEers, aniong the most important bein “The FiveYear 
Summary for Mount Weather,” “The 8iurnal System of 
Convection,” and “The Planeta System of Convec- 

from ideal in many respeck, i t  is not too much. to say 
that the information derived from the observations made 
there and elsewhere under Dr. Blair’s direction were of 

. 

Potter. b P oreover, certain points were brought out in 

LIIount 

Omaha, Nebr., in September ttnd 8 ctober, 1909; a t  Fort 

tion.” Although the location of 1 Y ount Weather was fa r  
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W .  R., April, 1919. [To face p. 205.1 

FIG. 1 (B. J.  S. & A.T.W.).-Beginning of a pilobballoon run at Fort Omaha, Nebr. 

. *- 

... : . 

Ro. 2 (B. J. S. & A.T.W.).-Making a reading at'the end of the&& minute, Qerstner Field, L 
2&1 
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incalculable value in connection with the war. Without 
this information the Weather Bureau would have been 
seriously embarrassed, if not humiliated, in its inabi1it.y 
to furnish free-air data, and opinions based on these data, 
to the military and naval authorities. 

1914 and 1915 the’work con- 
was transferred to Dresel, 

Nebr., becanse of the better location of the latter place 
with respect to storm trucks and to the needs of the fore- 
casters. The general plan of the work a t  Mount Weather 
was continued a t  Dresel, but special attention was iven 

ments. Only the field work was carried on a t  Dresel, 
tlie computing and summarizing beiii done at  the Central 

to the Aerolo&al Di ,%ion was inadequate, the com- 
puting of the firexel records was considerably in arrears, 
and but little inforination could therefore be furnished 
as to mean free-air conditions a t  that station. 

Other ,i:ri.vesti~~,~oii.s by th  e ll’fnt7wr Burccrm.--A. sys- 
tematic campaign of cloud ohserviitions at  Wasliingt,on, 
D. C., in 1896-07, furnis!ied much v:ilu:ilde informition 
as to cloucl altitudes s n c l  niovciiien ts and therefor(? as t.0 
wind directmion and velocity :it various heights. Follow- 
ing the work of the Scotiia, in 1913, a short series of kite 
flights on the Coast Guard cutter Sen.Pca in Mug and 
June, 1915, gave some ditta tis to free air conditions a t  
low alt,itiicles over tlic Nort.li Atlantic Ocetiii in the 
vicinit,y of Nova Scotia. 

Blue Ifill Ohsel.i.ntoi.~.-Tliis report would be inconi- 
plete unless reference were mnde to the long and escelleiit 
series of observations mado under the auspices of the Blue 
Hill Meteorological Observatory, founded and for ninny 
years maintained by the 1n.t.e Prof. A. Lawrence. Itotch. 
These investigations included observations with kites a t  
Blue Hill, near Boston, Illass. ; with sounding balloons a t  
St. Louis, Mo.; ancl with sounding and Jilot httllooiis nt 

discussed in different nmiihers of the Annals of the 
Harvard College Observatory. They have, inoreover, 
been studied and used, to some estcnt, by the Aerolo icd 

the Wetitlier Bureau. 

Drexel, Neb?.-Durin 
ducted a t  Mount Weatier 7 

to the diurnal variation of the severai nieteorologica 7 ele- 

Office. Owing to the fact that. the c B erica1 force assigned 

Pittsfielcl, Mass. The results were pub \ ished and ably 

. 5- IXvision in connection with similar results obta.ine f by 

PREPARING FOR WAR. 

Although the work thus briefly reviewed was of great 
and perinnnent va.lue,. yet it  lacked one vitnl and essaitid 
characteristic, viz, siniultnneit,y of observations from :i 
large number of well-distributed stittions. Accordingly, 
as soon tis a state of war was declared to esist between 
the United States ancl Germany, suit.ahle nctioii was 
taken for the espansion of tlie aerological activities of 
the Weather Bureau, with the result that Congress in- 
corporated in the Arm bill for the fiscal year 1917-1YJ 

Weather Bureau of additional aerological stations, for 
observing, measuring, and investigatkia atnios h r i c  

travel, and other espenses in the city of Washington and 
elsewhere, $100,000, to be expended under the direction 
of the Secretary of Agriculture.” 

This act did not become operative until July 1, 1017, 
but plans for carryin out its provisions were made as 
soon as the Army bifl was passed, viz, May 12, 1917. 
Before establishing the additional stations, however, it  
was necessary to provide a well-trained personnel and to 
obtain suitable equipment. These phases of the work, 
together with the furnishing of data, cooperation with 

an ac.t “For tlie estali P ishnient and maintenance by the 

phenomena in the aid of aeronautics, inchding sa \ aries, 

the Aimy and Navy, establishment of special stations 
of a temporary nature, publicatmiom, etc., will henceforth 
he breated under separatg heads. 

PERSONNEL. 

At the be inning of the war, as alreaclb stated, t,he 
Aerologicnl %ivision comprised one field st,iition a t  
Dresel, Nebr., and a headquarters office tit the Central 
Office in Washington, D. C. Ten men in d l  were engaged 
in the work-sis at  Dresel, with Mr. B. J .  Sherry in 
charge, ancl four a t  Washington, with Dr. Win. R. Blair 
in general charge of the entire diTision. In eiilnrging 
this peisoiinc?l a double purpose was ke i t  in view: (1 1 To 

and (‘3) to tmin certain others for perinanent assigninent 
at  Washingt.on in connect,ion with the reduct,ion tind sum- 
marizing of the data. It was decided that at. least the 
official in charge and the first tissistnnt, a t  ench st,at.ion 
to be estahlislietl should receive training of hot.11 kinds 
in order t,hn t, they might hecome familiar wit>li all phases 
of t,he work. This procedure served tlic atldit~ionnl 
pur lose of enabling tlie Central Office force to  bring tliq 
wor i - of coiiiput.inv free-air records up to c1nt.e. As 
r+il ~y as the men Recanie tlioroiiglily fiiniiliar witli this 
work they were temporwily assigned to a field station 
for instruction in kit>e flyin , kite repairing, et,c., xiid were 
lnt,er permtineatly :iswignet 7 to one of t,he nc?w-st,atioiis. 
In the ine~itiiiic. sibliie of the men and sereriil young 
lntlies were permanently assigned to the Central Ofice, 
n11tl not. only hrougllt tlie work U ~ J  to date but, have kept 
it. up t.o c1nt.e ever since. During the early p:wt of Se - 
Signitl Corps nnd iissignerl t80 dut,y in France, nnd in the 
latter part of Oct. ihr,  1917, My.  Sherry was conimissioned 
:i lieu,tenniit. in the Signal Corps and assigned t.0 the 
Nntionul Research Clouiicil in connection with the organ- 
ization of a militiiry meteorological service in t.his country 
n i i t l  in E’rnnce. 

train young men to conduct blie wor i! - at field stat’iona 

t,emher, 1917, Dr. Blair was conimissioned u niajor in t P le 

EQUIPM E NT . 
K i t 6  rccZs.--;it. t,lie he4nning of the war the division 

hat1 on hand two kitme reeYs-one at Dresel and 0110 a t  tlie 
Clt!lit,rtd Office. As it wtis planned to est,ablish five addi- 
t.ional st,ations, nct.ion \viis tnkoii to have four more of 
tliese reels constructed. These were tlehered in time for 
use ant1 Iiiive provt”1 siitisfitctory. They are of stnndsrd 
type, after the design of Prof. C!. F. Marvin, with sonie 
nidifications by Dr. Blair. A view of one of these is 
shown in figure-2. 

Reel hoirses.-’l’he reel house at  Drexel, Nehr., having 
I 

provcd shsfwtory,  it was decided to .use this as LL 
model, escept that the size was reduced from 1s to 15 
feet in diameter. These houses consist essentially of 
two parts-a tunit,able, by means of which the doorway 
iiiay be presented to any desired direction, and a super- 
st.ructure sufficient.ly large to acconiiiiodate tlic kite reel 
and accessory iqqJn.ratus. Suitable turntables were pro- 
cured and shi ped to the respective stations, where they 
were niouiite $ on concrete bases, the turntables them- 
selves supporting the wooden superstructures. Views of 
the reel houses complete may be found in MONTHLY 
WEATHER REVIEW SUPPLEMENTS Nos. 12, 14, and 15. 

Surfme in.stru;inewtd e ,uipm.en.t.-All apparatus for re- 

type, such as is used a t  regular Weather Burem sta- 
tions. . 

Zite ,m.efeorogrcr..p7~s.-The meteorographs in regular use 
by this division are of the type designed by Prof. C. F. 

cording surface meteor0 P ogicd condit.ions is of standard 



. .  
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Fro. 1.-Front view of Marvin kite meteorograph in u88 at Weather Bureau Aerolodcal Stations. 
I 

Kite ana balloon theodolite in we at Weather Bureau, MHtarg, pnd 
Naval Aerological Stations. 

c 7  
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Marvin, with soine modifications as to details of con- 
struction. These modifications are: The substitution of 
a “windmill” nncmometer, mounted a t  the windward or 
front end of the instrument, in place of the Robinson 
type, se arately esposed on the kite; the substitution of 
strips o f  tlierniostrttic metal, consisting of bronze and 
invar plates, in place of tubes filled with &her, for the 
temperature element; and a different arrangement of the 
hairs in the hygrometer, whereby these hairs are mounted 
separately instead of in bundles. There were about a 
dozon of these meteorographs 011 hand and many of them 
were defective in one way or another. It‘ became nec- 
essary, therefp-p,. to repair those on hand and to pro- 
cure several additional instruments. After sonic corre- 
spondence with instrument makers, it became apparent 
that the best course to pursue was to purc.hiwe the 
necessary materials atid hnve the new instruments made 
in our own shop. Such action wits accordingly taken, 
hut even then great delay was osperienced, owing to 
the fact that rill manufacturers were pressed to tho limit 
by war work. Delay was great& in the case of clocks 
and pressure elcments of these instruments. When these 
mere finally procured, they proved to be very satisfactory, 
~ i i d  R large nuinber of new iiistrunients werc constructed, 
in addition to several old ones which. had meanwhile been 
rtipairetl and made ready for use. A front view of one 
of the ncw nieteorographs is shown in figure 1. 

IG:itm.--Eac.h regular stittion needs at least 35 kites of 
clifferent sixes in order that flights may be made under 
tliff erent conditions of wind velocity. I t  seeniecl wise 
t.0 havc ll of tliesa kites iiiade a.t one station, in order 
to avoid uplication of power saws and other ec uipment. 
Accordingly, Droxel WAS designated a ‘ centr ” station 
nnd the necessary niaterials for about 150 kites were 
sent to that station and made up into standard bos 
kites of tho Hargrave-Marvin typc, such as have been 
regularly used by the Weather Bureau in all of its 
nerological investigations. By means of iiiiprovenients 
in equipment and by concentrating on certain parts of 
tlie kites and then successively on other parts it has bee11 
possible to produce a large nuniber in a short time, and 
in fact such station wits supplied as soon as it was ready 
for them. 

Th.Podol.bfcs.-l’he division had on hand four of these 
instruments, formerly in use at  Mount Weather, hut 
they had become, in gencral, unservicenblo by reitson of 
long use mid through unavoidable accidents. Two self- 

theodolites, designed by Dr. Blnir, were 
ititendec recordinf for use in soundin~-balloon work. This latter, 
typo, but, witliout the recor&tiu fsaturc, was cleenied the 
most satisfactory one for  the Kite stations and, accoicl- 
in ly, orders were laced for 16 of these. Oidy five were 

st.ations thus far established and have proved satisfactory 
for the purpose. In addition to these, and actin upon 

Meteorological Section. of the Signal Corps placed similar 
orders for a large number of theodolites for use a t  niili- 
tary training fields in this c.ountr and at  the front in 
France. A view of one of these t t eodolites is shown in 
figure 3. 

P,ilot balloons.-The use of ilot balloons was not at  
first contemplated by this xivision, it having been 
decided that this work should more properly be handled 
by tho Meteorological Section of the Signal Corps. 
Ifowever, pending the organization of that service and 
in order to save time, sample pilot balloons were obtained 
from different companies and tested at the Central 
Office. On the basis of these tests orders for large 

a! 
1 

de f ivered during t g e war, but they were sufficient for the 

the reconiniendation of this division (aerologica 7 ) , the 

numbers of these balloons were placed by the Signal 
Corps, and it is understood that they have been used 
with success at  all of the Army Meteorological Stations. 

Pressure-testing Outfits..-All meteorographs are cali- 
brated at  the Central‘ Office before being sent out; after 
that, they are calibrated at the stations at  which they 
are used. For temperature and humidity the instru- 
ments are merely subjected to different cdnditions 
within a well-ventilatecl bos or in different rooms. For 
wind they are suspended from a wind vane near a stand- 
ard anemometer. For pressure, however, it  is necessary 
to have special apparatus consisting of an air pump, a 
bell .ar, and a manometer. Geryk air pumps and bell 

inents and very satisfactory U-tube manometers, suit- 
ably mounted and graduated, have been designed and 
made at tlie Central Office of tlie Weather Bureau. 

Mofors.--Because of the variation in the pull of tlie 
kites on the wire and hecause, even when the pull is 
uniform, it is often desirable, for different reasons, to 
change the speed of reelina in, each kite stateion should 
he equipped with a variabre speed motor, this variation 
in speccl to be independent of the load to be pulled. 
Mot,ora of this sort for direct current are on the market, 
but at  sonic of tlie stations only alternating current was 
available. I t  therefore became nec:essary to have special 
motors designed and constructed-two for single- liase 
and two for three-phase current. After considerab P e de- 
lay such inotors were procured aiid have given excellent 
rcsul ts. 

jars z iave been obtaineil from makers of scientific instru- 

PERMANENT KITE STATIONS. 

Five stakions, in addition to the one at  Drexel, were 
planned, and their approsiniate 1ocat.ions were indicated 
by Dr. Blair just prior to his departure for France. The 
Mount Weakher and Dresel sbat,ions were situated so far 
from even a small town that living conditions were not 
conducive to that contented state of mind which is a 
prerequisite (more or less, dependin upon ‘individual 

hest possible results. Moreover, the cost of maintaining 
such it s t h o n ,  with its own power plant, etc., is large. 
In cstnMisliing these additional st.ations it WLS therefore 
dacided, so far us possible, bo select sites a short, distance 
to the east of sinall towns, where electric power and living 
quarters for the men would be available and where the 
lenst possible difficult would be esperienced from rail- 

etc. Further re uireniente of a good kite field are t,hat 

and have an area of approsimately 40 acres. Whenever 
possihle, it wpa purposed to leave land on which the owner 
would erect, and include in his base, a building suitable 
for office, carpenter shop, and the storage of kites. After: 
a she was selected and as soon as the lease became effec- 
tive, the installation of e uipment was immediately 

center of the field and the buildings and surface meteoro- 
loaical e uipnient in one corner or near one side of the 
fiad. TXe sites selected are: Broken Arrow, Okla.; 
Ellendale, N. Dak. ; Groesbeck, Tex. ; Lqesbur? Ga. ; 
and Royal Center, Ind. Detailed descriptions o these 
stations may be found in MONTHLY WEATHER REVIEW 
SuPPLEMEwrs Nos. 13, 14, aiid 15. . See also figure 4 * 

for their locations. 
The kite work conducted at  these stations has been 

patterned after that at  Dresel and comprises daily 
observations, whenever possible, and, in addition, about 
two series of diurnal observat,ions each month. These 

t,eiiiperament,) to the attainment, of 7 iaiiiiony and the 

roads, rivers or lakes, { orested tracks, human habitations, 

it should be leve Y , cleared of trees, stumps, fences, etc., 

begun. As a rule, the reel B ouse was placed near the 

, 



208 MONTHLY WEATHER REVIEW. APRIL, 1919 

latt8er consist of about, eight or nine successive flight,s, 
from t,he records obtnincd in which it. is possihle to follow 
quite closoly the diuiiial chaiige?s in thc! various meteoro- 

. logical elenieiits at, different, altitudes. The work tit’ 
Drexel has been cont,inued M hcretofore, in spite of ninny 
changes in personnel and in additmion to the instruckion 
of new inen in kit.e flying and to a great.1-y eihrged pro- 
gram in l&e building. 

TEMPdRARY KITE STATIONS. 

Pntornac Pwk,  Wmli:ingtoia, D. (!.-At. tho request of 
t,he War Department,, n kite stnt.ion was established atb 
Pot.omac Park in January, lSlS, and several flights nt 
night! were niade during .Pebrunry :tnd Mwch, 1!)1S, in 
connection with seerchlight t,est.s, conducted by the 
Engineer Corps. The kit.e reel wm of an old type for- 
merly in use nt Mount: tVeat.lier. Tliis and other equip- 
inent were furnished by t,his division, the p o \ y  bein 
supplied hg the Engincor Corps. During this perioc 
there were also niade R few fliglit,s in cnn~i~cbiciii wit,li 
experimenbs in atinoapheric e1ect.ricit.y liy t,l~e Buretiu of 

f 
Standards. 

E2l;ington Fitid, Tfir.--l)uring April and h y ,  1!11 S, 
several kite flights were made iit  this ficdd for the, purpose! 
of raising deGces for t,he detec.t>ion of the a l j p i o d  (.if 

iLirplanes. A hand red, liit,es, a i d  ot>lier ecluipiiient were 
furnished 1)y t.liis division. Owing t.o t,lie ccniticlent.ia1 
ntlt.ure of this iiiG(~st.ig:~ti~~iii, no 11. xirt of the rcsults lms 
bec+n yoccived from t.hn Engiiitw (..or )s, h i t .  it, is known 
that the apparatus was rtiised t.o h e i g k  of froui 1 ,OC)O t.o 
1,500 feet above the surface. 

Aberdwn , Md.-Iii an endeavor to improve t,he rangc 
tables used by the lTnitd Stntes Army, t.ho Orclnnnce 
I)ep,g.rtsmeiit request.ed that kit.6 ilights be niado a t  tlie 
Aberclc?en I’roring Grounds. Accordingly, t.be kite 
eqiii nieiit ‘formerly used nt Pot.oninc. ~r irk  was inst.aUed 
at  t, R nt place? and records were oht,ained with n kite 
meteorograph, wlionever possihle. This in(! toorograpli 
was also used in airplane flig1it.s when conditions werc? 
unfavorable for kit,es. 

”1 

AiPtrorology arid (I.Pt‘O?l(L~I.l.iCs.--I)iiriiig the First ran- 
American Aeronaut.ic Esixisition zit, New Y‘ork, Pehriiiiry 
S to 15, 1917, it was aplxwent that. nn urgent, nced esisted 
for a meteorologic a1 nianu a1 €or nvi &tois . The rtdo re , 
such n manual was prt! )i~rt:d nt the Weather Bureau, and 

Conimit.t.ee for Aeronautics as Report No. 13. The pur- 
pose, as stated in the Iiitroduct,ion, was “t,o ellow t.hc 
sort, of at,mospheric data availalde and t,o put the subject 
in such shape as may ninka it benr directly on t.he 
problems which are met in nviat,ion.” This pamphlot was 
given wide distribut,ioii, not only in t,liis country hut. also 
in France, and helped to fill a longfelt. want among 
aviat,ois, and was used in conneckion with tho inst,ruct.ion 
of nien in the hleteorolo@cal Section of the Signal Corps. 

Mean. vu1 ues of-frae-aw bn,vn.ctric a d  Vl I .p iJ l ’  pegs u.rrs, 
tunpwatwes, mnd densities ovc)‘ thc Unitpcl! Stcitc~s.--Owing 
to repeat,ed calls by the Army and N ~ T T  for mean free- 
air data, a set of tables, giving the results of all ohervn- 
tions made in this country by- t.he Wt?at,hor .Bureau, was 
prepared and published in t,he January, II! IS, nuiiibcr of 
the MONTHLY WEATHER REVIEW. 

The turning of winds  with altitvde.-Soon after the pub- 
lication of “Meteorology and Aerona.utics ” it became evi- 
dent that somewhat more detailed information relative 

late in the year was pu It &died by the National Advisory 

to the behavior of free-air winds in relation to those a t  
tho surface wm neeclerl than was given in thnt pnmpldet. 
Accordinuly, such a paper WAS pre ared and, likewise, 

~ E A T H E I ~  REVIEW. Re rinte of these two )apeis were 

departments that had sought such data. Moreover, a 
set of “Rules ” for predicting wind conditions aloft, 
published a t  the end of “The Turning of Winds with 
Altitude ” was included in a “Manud of -4erography for 
the United States Navy.” 
9 woloyitair s.u.i)plc,t?i.siits.-The olicv of puhlisliiiig free- 

I~EVIEW h ~ . s  heen continued. At the close of the war nll 
dnta up t,ci June, lDIS, inclusive, had been so published, 
together with some cliscussion a.nd illustrations. In 
SUPPLEMENT No. 12 is included a brief note on ‘‘ Free-Air 
‘l’emperatures During tlie Cold Winter of 1917-18.” 
This note ciiclenvois to show briefly tlie value of free-air 
wind obscrvn.tions in predicting the direction o€ niow- 
merit of storni nre:is. 111 SITPLEIIEXT Nc.1. 1 3  :I pt~.p?r 
rnt,it;led ‘’ Notes on 1Gt.e Flying,” hi- Ah. Ti .  E. Jtclcl, pre- 
s1int.s useful suggestions for obtniiiing the best possilh 
records uircler varying conditions of weutlier. 

Ititrodwctowy i,ic.trort,To!/!:.--Enrly in August, 1 UlS, tlie 
Weather 1Jurruu wiis rcqucst ed hy the Nntiorial .Research 
C‘ouncil tu  prepre n test.liook on 1:leteorology suit&le 
for use i i i  inst,ruct,ing iiieii in t,he Stut1cnt.s’ Army ‘l’ritining 
C‘(.irpe. Such a tus tbook w i s  prepired uiitler the 1ditori:d 
direct,ion of Prof. W. J. Huii~plircys, ~ - 1 1 0  requestd the 
o t1ici:d in clitrrge of the Aero1ogic:il Division to write 
Chn ter I11 on Stniospheric Temperature and Chapter I V  

for use in tliis Country should contain mat.eria1 largely 
drawn from this Country’s sources of inforniat.ion, the 
writer of (.’li:ipt.rrs I11 xiid I V  b:wd the s i i l j jds  t,rcnt.ed 
principally on the rrsult,s obt,aineil a t  Mount Keather and 
iiusiliary stations-Dresel, Nch. ,  rind Blue IliU, Mass. 
Numerous cliarts rtiid figurrs were inciudetl with tlie test, 
some of tlieni new, sonie co ied from the Mount Weather 

fro111 I’rof. Huinphreys’s ‘‘ I’liysics of  the Air.” 
Si&tli.sorr:in ti i l l  ctt~oi~v7oy.irtrl frib7~.s.--Tn coniitxt ion \vi tli 

:I revision of tliese t.:ililcs niici a t  the request of Prof. €I. 11. 
I h i  hill, who Iiad the \vork in ch~irge, this division pre- 
pared the tdiles for use in computing free-air records, ancl 
for the couwrsion of milliinet.eis iiito n~illibiiis r i n d  iirilli- 
1ji11-s into inilliiiieteiv. Assistance wns given idno in tlie 
coin putation of gradient-wind tables. 

ublishea in the Jmiiary, 191& nun1 7 jer of the M o N m L i -  

furnished to training fie Y ds and to various b overiiment 

tiir data in SUPPLEMENTS to t P ie I&W~II+Y WEITIIER 

on K I tmospheric Prossure. In  the belief that a testbook 

Bulletin and the MOST~ILY \ VEATHER l i e v ~ ~ w ,  anel some 

SPEOI.II. DATA FPRNISHED. 

Yo tA t! Oid~rmnce Drpa~rtni ent.-In addition to average 
free-air condit.ions, as given in some of t.he uhlicatioiis 

specified tinies and places. For esitmple, est.imat.es of 
free-sir de1isit.ic.s were requested in connec.t,ion wit,li anti- 
aircraft and ot,lier test.s a t  t.he Bberdeeii Proying Grounds 
and the Sandy Hot~k Proving Grounds, wlleii no ac.tual 
records were obtainable from kit,es or a.irplnnes. This 
division niade such estinintes in t.he following nia.nner : 
By the aid of daily wcather ninps the days for wliicli esti- 
mates were desired were classified with res ect to the 

LOW which cont,rolled the weather conditions a t  the times 
of tests. The mean teniperature and humidity grutli- 
ent for such conditions, as determined from five yems’ 
observations a t  Mount Weather, were trlien tl plied to 
the surface values recorded at the proving grouncfu. With 

above listed, there were frequent calls for in P orniatioii a t  

station’s 1oc.nt.ion in different c1uadrant.s of t 7 ie HIGH or 
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COOPERATION WITH THE SIGNAL CORPS. 

. Selection, and inslirm.ct.ion qf mcii .-E:wly in the wnr it, was 
decided that the Signal C'orps should have a n1etc.m)- 
logicttl service of its own for wilr-time )iirposes. A s  h:is 
already been stated, Dr. .Blair n~itl dr. Slierry, of t,liis 
division, were among those t.raiisferred from this Bureau 
to t,lint service. 13efore this tmnsfw wais effertcd, Dr. 
Blair select.ed ii number of w-c+ll-tminccl collrgc grnt1u:i tcs. 
wvlio, it, wns t.spec,tecl, woulcl sooner or lat.tir be tlricftd. 
These men, togother with otlirrs suhseclucnnt,ly sc4ecLecl. 
were in 1:irgc: intmiire during the first few mont.hs tr:liiir(I 
in mr!t.ri)rologica.l work by the Wwt,lier Burca u. A f t w  
of them received specia.i inst,ruct.iori iii thcl .~erologic.:~l 
Division. 

E~zi~ipsn.rtft.--Ut.Iore Llic org:inizat.ion of tlw Signti1 
Corps Meteorological Service could he perfected, urgent. 
calls for ec uipment were received from a large number of 
training fie $ ds in this country. In order t>oprevent d~l t ty  
in ci )niplying with these request.s, this division supplied 
complete sets of niet,eorological n pmttus for snme 20 

kite nieteorogrnphs werefurnished for the use of tho Ihitcrl 
Stutcs forces in Frnnce. 

l i . r r a , ~ , . - ~ f ; , r T e t ~ n ~  for. a&atora.--One of tlie most valu- 
ahle achievemenbs of the Signal Corps Meteorological 
Service was the organization at most, of the tniining fields 
in this country of systematic observations of free-air wind 
conditions by means of sninll pilot balloons. The pri- 
mary purpose of t.hese observations was to furnish helpful 
information to aviutoiu as t,o current locd c.onditions and 

milit.:iry canips and proving grounr P s. In tlclrlition three 

to  enable the Ordnaiice L)epa.rtnient, to 
wind correckions to it,s range tables. 
t,ribution of these stations present,ed a11 opportunit,y for 
still further usefulness, viz, t,he plottin or niupping of 

thereon for the information and kwidance of aviators 
iiying over transcontinental aerial routes. It was, there- 
fore, decided :tt a conference on July 29, 191S, between 
Lieut. Col. Millikan, Lieuts. Sherry and Waterman, rep- 
resenting the Signal Corps, :tiid Prof. Marvin, Mr. Calvert, 
:and the writ,er of t.his report, reprcsenting the Weatlicr 
Bureau, to carry out this plan, the details of field orgnni- 
xrtt.ion to be worked out by Lieut.. Sherry a.nd t,liose of 
assembling and computing the da.tn and issuing hullct.ins 
bo be under the genera.1 direction of t:liis division. .Ap- 
prosiniately 35 stations were established at, point.~ iiicli- 
ciated in figure 4. Fire of t,liese were placed a t  Weat,lier 
Bureau aerological st.a.tions. partly because theaq st R t .ions ' 

a.re well locat,ed for the urpose desired and partly in order 
that Weather Bureau o i servers might become thoroughly 

upper air currents and t,lie issuance o H bulletins based 

familiar wit,li the \vork. Two Signd Corps men were 
nssig~iecl t,n each st,atinn nntl p i s  tn the Central Office of 
t,Iw Wen.thcr T3uren.n. Plains were perfel: tad for receiving 
reports h i l y  hy wire. these repnrt.s to include wind direc- 
t.iou nritl velocity at. the sm-fnce :~nrl  n.t altitudes of 250, 
500. 1,000. 1,500. 2,00CJq 3.OO~J.  rind 4,000 nioters above 
it!; a.1~0, kind. nmoiinb. nntl height of lower clouds, if any. 
Arrnngrmen ts  were ni:i(lc \vi th t h  Fnrcc:ist8 Division to 
iwuc? bullct.iris r ~ n r l  forecwts, based on t,liFse r epoh ,  to 
tho Aerinl M:i.il Scrrice :lilt1 to m y  others who might 
( l e k  t.licni. 

('Of )l'EK.ATIO& \Vl'l'll TIIE  N A V T .  

Pcttsucidri. j i . tp! i i~ /  xla,i.ioir .---In Mn.y n a i l  June, 1917, Dr. 
Blrtir conferred with officials of the Navy at, Pensacola, 
Fla., relnt,ive to niet,eorologitrd eqiiipnenta h t .  should be 
i 11s t,a.llecl a t t,littt s t,n.t.ion. 

X 7 9 y  yn.n!.---ln h i e ,  19 17, .Dr. Bhir conferred with 
officials of the Navy a t  t'lie Unit,ecl States Nary Yard 
relat.ive ti) the development of i t  theodolite for pilot- 
ba.lloon obserrat.ions and a plot,ting device for quickly 
int,erpreting t,hosc observations. 

Brr.ynip?i ir {?i?*i.&m rf t h  F t i i f o d  8tdc.s ATirrml h'asewc 
F?y?:ng Coqw-. -Information wns given to this service 

,__... .. i --. 

1-k. I.-Lwation of \\'csl.hor I3urcau. rni!ilsry. and nard. :ierological stations in 
operativii, November, 1918. 

relnt,ive to sources of supply for t,heodolites, pi!& balloons, 
anrl ot.her equipment. C!omplet,e out,iit,s of meteorological 
instrument,s and 2i.p aratus were.furnishec1 for use a t  some 
fJf the s t a h n s  estii E lishecl. The results of pilokbulloon 
sounclings nintle a t  these st,ations are recdwly furnished 
t,o t.he Wen.t.her Burea.u, m r i  in ret.urn axvices as to prob- 
tihle future free-air condit,iniis a.rc issue11 by t,he Forecast 
I>ivision. 

In  ndtlit,ion t.o the practical npplicnt,ion of t,he data 
ol)t.aiiied by t,he Weather Bureau Army and N ~ v y  mete- 
orological services, these data have been a.nd are being 
st,uclied with n view to t.lie preparation of a. summary or 
mnnual for aviut,ors, thus bringing the subject, of free-air 
\vintls in their relation to pressure? dist,ribut.ion, etc., up 
t.0 tlatc. 

cc)i )PE t :~~i ( .m w r r ~  FnitwC;N C!OUNTRIF:S. 

G ' r v d  Br;?t i  ;a .---In respoiiae to i i .  ddegram froni Gen. 
Dttrt.lett,, N. Marvin liit.e niet,ei.)rograipli wn.? sent to the 
13rit.isli Ahirulby in Oc.t,ohcr, 1917. This instrument 
proved so sat,isfnct.ory that a request was made for the 
pun*hnue of six more of them. Owing to the fact that 
w e  had on hand not, even enough of these instrunients 
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for our own use, it waa impossible to comply at  once with 
the British Admiralty’s request. Steps were taken, how- 
ever, to furnish them as soon as possible, with the result 
that two were sent durin August, 1918, and the r e  

Itn7y.-A4t the recpest, of representatives of the Italian 
Royal Flyin Corps, informatmion was given as to t,he best 
conditions o f pressure distribution under which to attemp t 
cross-country fli hts between Hanipt.011, Va., and Ne\\;. 
Yo&; between #ampton and Chicago, Ill. ; niid betwern 
Chimgo and New York. 

maining four shortly after t 5l e close of the war. 

CONCLUSIONS. 

The policy of the Aerologicitl Division wa.s at  till times 
to furnish as qukkly as mssible the nvailablc tla.t,n, 

in tlie prosecution of the war, and at  the same t.ime to 
increase its facilities for’such cooperation by mtiking im- 
provements in its equipnient rind by bringing. together 
into concise form the results of all aerologicd investiga- 
tions, not. only in this country but in other parts of the 
world as well. It is beliered that talie most iniport.ant 
‘results accomplished have been: (1) The nid rendered the 
Army and Navy in organizing their nieteorological serv- 
ices; Q) the equipment furnished to those services, thus 
enabling them to make observations a t  a large number 

equipment, etc., needed by t. h e military and naval services 

of training fields; and (3) data, informntion, and advice 
to t.lie milit.nry nncl naval services relatire to free-air cnn- 
ditions, both as t.o nienn values and for specified times 
and places. Whatever of value litis been achieved is due 
very largely to the never-failing advice and sympathetic. 
sup ort of the Chief of Bureau: t.o the lienrtv coopernt.ion 
of t. P ie atlniinistrat.ivc otticew and chiefs of divisions of the 

to tlie industry, enthusiasm, and 
of thin division, both at  tho . 

AS TO THE FUTURE. 

The n e d  for tierologionl data in p~aco timw will 
Iwconie. inc:ronsinglp urgent. Iniprovements in airmtf t, 
will very likely result in ninkiiig thcm loss tlepmdent 
u xui wtwthc?r conditions thnii n t  proseiit, Init i t  is not 
liL1y that tlie time will ercr conic wlien it kncnr~cc~go 
of the a.ir ~aniiot  t)c. usntI to t i d ~ t i i t q c  1)s the wiittor. 
Tho dcvdopmrnt of the Ac!rinl Ma.il Service alii1 of com- 
mcroinl avin.tion niakt?s i t  inipertttivc t.hat we con ti nu(^ 
and espanil our upper-a.ir foreansting service. Aside 
from these consirlora.tioiis frcc-air ohssrvations are so 
inherently rolntrd to surfnce ohorrations that) n stuily of 
thcm ns now begun oa.ii hartlly fail tmo incresse the ncauracy 
of “forocast.ing the wetither.” 

SOME SCIENTIFIC ASPECTS OF TEE METEOROLOQICAL WORK OF.THE UNITED STATES ARMY.’ 

By Lieut. C‘ol. R .  A .  M I r m I i A x .  Pi~tial ~:oq~s,  11. 8. A. 

There is no more interesting illustration of the appli- 
cation of new scientific methods to wnrfare than is fur- 
nished by tlie deve1opment.s in meteorology during tlie 
Great war. Prior to 1914 a meteorological section wns 
not considered a necessary part of the military service. 
No corrections had ever been macle by the artille 
army for any save surface minds. Firing by t e niap 
waq almost unknown. No Sound-ranging $orvice, no 
-4ir Service, and no Anti-aircraft Artillery had ever 
esistorl to demand aero1ogic:ttl data. 

At the time of the signing of the armistice on the 
westnrri front the Air Servior! and all the artillery were 
being furnished every two hours with the temperature, 
density, wind velooity, and direct,ion, taken a t  the surface 
and a t  various altitudes, from 100 to 500 meters a art, 

which each battery could obtain the correction suited 
to its trajectory for tlie so-called ballistic wind. This 
is the avera o wind for the traject,ory, weighhd for t.he 

ns when used for barrage work made uso of 
machine these ha1 P istic-wind tables. 

In addition, daily forecasts were furnished to tho 
armies in accordance with the following outline,: 

A. Character of weather for each arm of the service. 
B. Winds: Surface, a t  3,i)OO in., and a t  5,000 m. 
C. Cloudiness, including fog and haze. 
D. Hei h t  of cloud. 
E. Visiti1it.y. 
F. Rain mid snow. 
G. Temperature. 
H. Warning of weatlwr aonditions favorable for US(: 

8. Probable accuracy or odds in favor of forecast.* 

P Of 

up to 5,000 meters. Further, tables were prepared P rom 

density of t a e air at the clevations traversed. Even 

of as by enemy. 

1 Read belore the Americm Phvsical Societv on Apr. 25 1919 at Washington D. C. 
* A  more detailed account of this work in Fiance is be& prdpred for the T&vIEw 

by one of the meteorological officers still Ow~eaS. -EDITOR.  

Most. of the aerologicd h t , a  were oht,uined from t , l i cwIo-  
lite obscwxt.ions on pilot. h:tlloons. The cst.ent t.o which 
our knowlodge of t,he upper nir has heeh and is h i n g  
cdcnded hy this pilot halloon work niay he seen from 
t.lie fact t.hat before t.he war there esist.ed but one st.at.ion 
in tho Unit,erl St.ates where pilot. balloon esplorat.ions 
were regularly carried on. Wit.hin it year of t,he incep- 
t,ion of the rnet,eorologicd scrrice in t.he United St,ntc.s 
Army, 37 complete st,nt.ions for t.he ol)t.aining c ~ f  hot,li 
surface niid upper-air data in aid of aviation and t . 1 ~  
nrt.illery l i d  beon ostablishecl in the Vnited Statw (see 
fig. 4, -, above) and equipped with s>ecixl ti.ircrti.ft, 

heen produced before in t,liis country. Further, 21) sucli 
st.nt.ions had been est,ahlished by our forces abrond. For 
t.he m i h i n g  of this service, Itbout 500 specially wlcct~cd 
men had heen t,rainerl in this count’ry ttnd 314 of t.hsnr 
writ abroad, whilc a.bout 200 were helcl for work in tdic 
Unit,ed St,at,es. 

The scient,ific int,erest, in t.liis aorrict? ccnt,cix nl)out. four 
didnct  problenis : 

1. The est.ension of our knowledge of the litw of iiiotioii 
of pilot balloons. 

3. The procurement, of d a h  and t,he dedopnwut or 
nie.thods for t,he prepnrat.ion of artillery rang(! t.ahlcs. 

3. The development, of long-range propngandii h l -  
loons. 

4. The charting of the upper air in the United St,ittos 
t i c 1  overseas in :i.icl of aviation. 

1. The e .rCo~Gon.  011,r Pnou&dga qf the l(i.ui qf moti:~t t  
of p i M  bnZhons.--Prior t.o t,he develo mente o f  t,Iw 

in the Unit.ed Stmates perhalis lo9 pilot balloon flights, in 
which t,he balloons had been followed by t,he two-t.lieodo- 
1it.e method-the only niet,liocl which permit,s of real 
accurady ; and in several European countries there had 

tlieodc$!lt.es tind pilot hdloons, neit,lier of w \ iich hat1 ev(!r 

Meteorological ,Service of the Army there P iad I ~ e n  m:idc 


